Performance degradation caused by certain radiofrequency quadrupole (RFQ) machine errors was studied using an efficient 3-D particle tracing simulation code for a high-brightness example. Matched beams, for which no emittance growth occurs, exist for periodic structures and were used as input beams for particle tracing in the presence of errors. We considered both slowly varying and fast (random) errors that destroy periodicity. Random dipole errors cause emittance growth because of the mismatches they introduce and also result in a motion of the beam centroid that causes a reduction in acceptance. Because of the way RFQs are manufactured, the random error amplitudes can be kept below harmful levels. More important are the slow errors, which are harmful because they reduce acceptance even though they maintain a match (up to the point of particle loss). Slow dipole errors steer the beam toward the wall, and voltage deficiencies cause instabilities in the longitudinal direction resulting in particles not being accelerated to full energy.
Introduction
The effects of several types of errors in RFQ accelerators were simulated using an efficient 3-D particle-tracing code. The parameters for our example correspond to the 2-MeV high-brightness H-prototype RFQ accelerator at Los Alamos.' The simulation code and the input distribution used in these studies are described below.
Particle-Tracing Code
Let the particle coordinates in the laboratory frame be x,y,s+z, and let px,Py?Ps+Pz be their conju- gate momenta, where s is the synchronous particle coordinate and ps is its momentum.
In the simulation, we numerically integrate the equations of motion corresponding to the following Hami .
The independent variable is time, V is the potential difference between adajacent pole tips, A is a measure of vane modulation,2 k is 2Tr/-iX, s is the synchronous phase, and is the space-charge potential. The "rf coupling term" of drift-tube linacs is present here also. show the evolution of the beam rms size and emittance in the x-direction as it goes through our standard accelerator with no errors. These plots show values at the times when the rf phase corresponds to the maximum focusing force in the x-direction.
Random Errors
For any periodic focusing system, even if it includes nonlinear and coupling forces, and even in the presence of space charge, there exist certain matched or equilibrium phase-space distributions that are periodic when injected into the system. The emit- 
